Abstract The Women's Health Initiative (WHI) randomized trials found that use of combined estrogen and progestin menopausal hormone therapy (CHT) increases breast cancer risk, but use of unopposed estrogen hormone therapy (EHT) does not. However, several questions regarding the impact of hormone use on risk of different types of breast cancer and what thresholds of use confer elevations in risk remain. We conducted a populationbased case-control study among women 55-74 years of age to assess the association between menopausal hormone use and risk of invasive ductal and invasive lobular breast carcinomas. Associations were evaluated using polytomous logistic regression and analyses included 880 ductal cases, 1,027 lobular cases, and 856 controls. Current EHT and CHT use were associated with 1.6-fold [95 % confidence interval (CI): 1.1-2.2] and 2.3-fold (95 % CI: 1.7-3.2) increased risks of lobular breast cancer, respectively, but neither was associated with risk of ductal cancer. Lobular cancer risk was increased after 9 years of EHT use, but after only 3 years of CHT use. Evidence across more than a dozen studies indicates that lobular carcinoma is the type of breast cancer most strongly influenced by menopausal hormones. Here, we characterize what thresholds of duration of use of both EHT and CHT that confer elevations in risk. Despite the rapid decline in hormone therapy use the WHI results were published, study of the hazards associated with these medications remains relevant given the estimated 38 million hormone therapy prescriptions that are still filled in the United States annually.
Introduction
Results from the Women's Health Initiative (WHI) randomized controlled trials of menopausal hormone therapy indicate that use of combined estrogen and progestin hormone therapy (CHT) [1] increases breast cancer risk, but that use of unopposed estrogen hormone therapy (EHT) does not. However, a substantial number of studies indicate that the relationship between menopausal hormone therapy use and breast cancer risk varies by breast cancer type, with differences by histologic type observed most consistently. The two most common histologic subtypes of breast cancer are invasive ductal carcinoma (IDC), which accounts for approximately 75 % of postmenopausal breast cancers in the United States, and invasive lobular carcinoma (ILC), which accounts for 15-20 % of cases [2] . Thirteen [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] out of the 16 [17] [18] [19] observational studies evaluating the relationship between menopausal hormone therapy use and ILC versus IDC risk have shown that CHT use is more strongly related to risk of ILC than it is to risk of IDC. The thirteen studies reporting a difference in risk by histologic type (including four cohort studies and nine case-control studies) found that current CHT use results in 2.1-3.9-fold increases in the risk of ILC and lower or no increases in risk of IDC (relative risks of 0.7-2.0). The WHI trial had limited statistical power to assess this relationship as it included only 22 lobular cases in the CHT arm and 16 in the placebo arm [1] .
Despite the consistency of studies evaluating differences in risk according to histologic subtype, some key questions remain with regard to how duration of CHT use is related to risk and if this relationship varies whether the progestin component of CHT is used daily or for only a certain number of days per month. Although use of menopausal hormone therapy has declined sharply since the publication of the WHI trial results, these issues are of ongoing clinical and public health importance given that in the post-WHI era, *8 % of women 40-80 years of age are CHT users and another *9 % are EHT users [20] , and an estimated 38 million hormone therapy prescriptions were filled in the United States in 2010. To evaluate the relationships between various menopausal hormone therapy regimens and risk of different histologic types of breast cancer, we conducted a large scale population-based case-control study specifically focused on examining the etiologies of ILC versus IDC.
Methods
We conducted a large population-based case-control study of lobular and ductal breast cancer among postmenopausal women 55-74 years of age living in the three county Seattle-Puget Sound metropolitan area (King, Pierce, and Snohomish counties). This study was specifically designed to assess how use of menopausal hormone therapy influences risk of these two breast cancer subtypes.
Cases were women 55-74 years old diagnosed with a primary invasive breast cancer between January 2000 and December 2008 with no prior history of in situ or invasive breast cancer. This study was funded in two continuous phases, and data from the first phase based on cases enrolled from January 2000 to March 2004 were published previously [10] . Breast cancer patients were identified through the Cancer Surveillance System (CSS), the population-based tumor registry that serves the 13 counties of western Washington state and participates in the Surveillance, Epidemiology, and End Results program of the National Cancer Institute (though this study was restricted to residents of King, Pierce, and Snohomish counties). All women diagnosed with an invasive breast cancer with a lobular component based on ICD-O codes 8520, 8522, and 8524 assigned by CSS were potentially eligible as lobular cases. Thus, lobular, ductal-lobular, and lobular tumors with an other non-lobular histology present were grouped together consistent with several prior studies [3-5, 7, 10, 18] . Given the greater frequency of IDC, a random sample of *25 % IDC cases was selected for recruitment. IDC cases were frequency matched to the ILC case group by 5-year age group. The pathology reports of all of these cases were then centrally reviewed to confirm eligibility and reclassify histology assignments as necessary. Since controls were ascertained via random digit dialing of landline home telephone numbers, to be eligible all cases were also required to have a landline home telephone. Of the 2,495 eligible cases identified, 1,984 (80 %) were interviewed including 1,068 ILC and 916 IDC cases. Of those not enrolled, 442 (18 %) refused to be interviewed or could not be located and 77 (3 %) died before an interview could be conducted. In addition to basic information on breast cancer diagnosis, we obtained information on tumor characteristics from the cancer registry and from a centralized review of pathology reports. This includes data on estrogen receptor (ER), progesterone receptor (PR), and HER2-neu (HER2) status, and tumor stage, size, and nodal status.
We used the Mitofsky-Waksberg [21] method of random digit dialing to identify potential controls from the general population of female residents of King, Pierce, and Snohomish counties. Controls were frequency matched within 5-year age groups to the cases using one-step recruitment. As the study progressed, we reduced our clustering factor from five to one in order to ensure timely completion of our calling. Up to nine calls were made to each number at various times of the day and days of the week. Numbers were recontacted 3 months later if all attempts were answered by an answering machine, or if a respondent refused to answer the screening questions. Numbers were recontacted again 3 months later if all attempts in the second contact round were answered by machine. A total of 79,559 numbers were dialed; 55,576 were nonworking, business, cellular, paging, dedicated facsimile, or data line numbers. 4,464 numbers were never answered, and thus their residential status could not be determined. Prior studies suggest that only about 20 % of such numbers are indeed residential [22] . Of the 19,519 residential or presumed residential numbers, 15,695 were successfully screened for eligibility. Of the remainder, 1868 were answering machines, 1,552 reached a respondent who refused to answer the screening questions, and for 404 there were language or other communication barriers. Of the 1,313 eligible controls identified, 902 (69 %) were interviewed.
Data collection
The study protocol was approved by the Fred Hutchinson Cancer Research Center Institutional Review Board, and written informed consent was obtained from all study subjects. Cases and controls were interviewed in-person. Through a series of structured questions, detailed histories of all episodes of menopausal hormone therapy use, including beginning and ending dates, brand, dose, route of administration, and pattern of use (number of days per month) were obtained. To enhance recall, a photo book containing pictures of pills and packages of commonly used hormonal preparations was used along with a show card listing the brand and generic names of various prescription hormonal medications. Additionally, all participants were queried about their reproductive history, body size, medical history, and family history of cancer. Our questioning was limited to exposures that occurred before each participant's reference date. The reference date used for each woman with breast cancer was her diagnosis date. Control reference dates were assigned to reflect the expected distribution of reference dates among the cases.
Statistical analysis
Women who never used any type of prescription menopausal hormone therapy served as the reference category.
We assessed patterns of CHT use by categorizing women who used estrogen daily and progestin for C25 days per month as continuous CHT users and those used estrogen daily and progestin for \25 days per month as sequential CHT users, consistent with prior studies [5, 10, 11] .
We used polytomous logistic regression to calculate odds ratios (ORs) and their associated 95 % confidence intervals (CIs) to compare IDC and ILC cases to controls [23] . All analyses were conducted using Stata/SE version 11.2 (StataCorp LP, College Station, TX). All models were adjusted for age (5-year categories), reference year (continuous), and county since controls were matched to cases on these factors. Several potential confounders and effect modifiers of the relationship between menopausal hormone therapy use and breast cancer risk were assessed including type of menopause, first-degree family history of breast cancer, body mass index 1 year prior to reference date, alcohol consumption, and smoking history. Only type of menopause changed our risk estimates by more than 10 % when added to the model, and so only it was added as a covariate to our final statistical models. Excluded from all analyses were the 46 controls, 36 IDC cases, and 41 ILC cases missing data on either menopausal hormone therapy use and/or type of menopause leaving a final analytic sample size of 856 controls, 880 IDC cases, and 1,027 ILC cases. In addition, none of the covariates were found to be a statistically significant effect modifier based on likelihood ratio testing including body mass index (all p-values for interaction were [0.05). We also calculated case-case differences in models that excluded controls and used the IDC cases as the referent comparison group in order to quantify the magnitude and statistical significance of the case-case differences observed. In addition, we assessed 
Results
Control women and IDC and ILC cases had similar age and annual household income distributions (Table 1) . Compared to control women and IDC cases, ILC cases were somewhat less like to be African American, more likely to be college graduates, less likely to be obese (have a body mass index C30.0 kg/m 2 ), and more likely to consume one or more alcoholic beverages per day. Both IDC and ILC cases were more likely to have a first-degree family history of breast cancer, to have had a natural menopause, and to have a later age at menopause compared to control participants. With respect to tumor characteristics, lobular cases were somewhat more likely than ductal cases to be stage III/IV, [5.0 cm in size, and lymph node positive.
Use of both EHT and CHT dropped considerably over the course of this study ( Table 2 ). Among controls with 2000-2002 reference dates, 32.7 % were current EHT users and 25.4 % were current CHT users. However, by 2007-2008, only 10.6 % of controls were current EHT users and 4.4 % were current CHT users.
Neither short term nor former use of menopausal hormone therapy was associated with risk of either IDC or ILC (Table 3 ). This included former users of EHT and CHT who stopped using these medications within 2 years of their reference date. Current use of both EHT and CHT overall was associated with an elevated risk of ILC (OR = 1.6, 95 % CI: 1.1-2.2 and OR = 2.3, 95 % CI: 1.7-3.2, respectively), but neither was associated with risk of IDC even among current users of these regimens for 10 years or longer; these differences between IDC and ILC were statistically significant. With respect to CHT use, for each interval of duration of current use assessed, the corresponding ILC and IDC risk estimates were also statistically different. Duration of CHT use was relevant to ILC risk. For EHT, ILC risk was only elevated among women who currently used EHT for 9 years (OR = 1.8, 95 % CI: 1.3-2.6) or longer with no appreciable increase in risk observed for shorter durations of use. This threshold of 9 years of use was determined by evaluating risks over 1-year intervals and the risk estimates for 8-8.9, 9-9.9, and 10-10.9 years of use were 0.9, 1.7, and 2.1, respectively. In contrast, for CHT, ILC risk was appreciably elevated with only 3 years of current use (OR for 3-4.9 years of current use = 3.0, 95 % CI: 1.5-6.1), and the magnitude of risk then remained essentially constant across longer durations of current use. The 3-year threshold was also established by evaluating risks over 1-year intervals, and the risk estimates for 2-2.9, 3-3.9, and 4-4.9 years of use were 1.0, 2.4, and 3.5, respectively. With respect to pattern of CHT use, both current use of continuous and sequential CHT for 3 years or longer were associated with appreciable increases in risk of ILC, but neither was associated with IDC risk. Given that lobular carcinomas are more frequently ER? compared to ductal carcinomas, we also evaluated risks in analyses restricted to ER? cases (Table 4) . 94 % of ILC cases were ER?, and consequently the risk estimates for ER? ILC were essentially unchanged from those from our overall analyses of ILC. 82 % of IDC cases were ER?, and similar to the overall analysis neither current EHT nor current CHT use was associated with IDC risk, and users of continuous CHT for 10 years or longer had an increased risk of IDC (OR = 1.7, 95 % CI: 1.1-2.6), though this risk estimate was statistically lower than that for ILC (p-value for comparison = 0.037).
Stratified by tumor stage and nodal status, the relationship between current EHT use and ILC risk was restricted to elevations in risk of early stage disease (stage I and II) and node negative disease, with less variation in risk according to tumor size (Table 5 ). Current EHT use was not related to risk of any clinical subgroup of IDC with the exception of a reduced risk of stage III/IV ductal cancer (OR = 0.4, 95 % CI: 0.2-0.9). In contrast, current CHT use was associated with statistically significant elevated risks of ILC across all tumor stage, size, and nodal status categories. However, for IDC and for ER? IDC specifically, current CHT use was only associated with an increased risk of tumors that were early stage, small, and node negative. Additionally, all ILC current CHT use risk estimates were statistically greater than their corresponding IDC current CHT use risk estimates.
Discussion
This study adds to the substantial body of evidence indicating that current EHT and CHT use are more strongly related to risk of ILC compared to IDC. The most consistent observation across the 16 studies [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] evaluating these relationships is that current CHT use is associated with a greater risk of ILC than IDC as demonstrated in 13 of these studies [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The other associations though are less consistent as 10 of the 16 find that CHT use is positively associated with IDC risk [3, 6, 7, 9, 11, 13, [15] [16] [17] [18] , 6 of the 16 find that EHT use is positively associated with ILC risk [4, 6, 9, [14] [15] [16] , and 5 of the 15 find that EHT use is positively associated with IDC risk [9, 13, 15, 16, 18] . The only randomized trial data on these relationships comes from WHI. In the WHI CHT trial, no differences in the distributions of histology were observed between cases diagnosed in the CHT versus placebo users (pvalue = 0.89). However, the trial had limited statistical power to identify differences given that only 22 and 16 lobular cases were diagnosed in the CHT and placebo arms, respectively [1] . Some of the discrepancies across studies may relate to the populations studied and the durations of hormone use participants experienced. The results here support the evidence that EHT use increases ILC risk, but that this elevation in risk is only observed among the longterm current EHT users for 9 years or longer. With respect to CHT use and IDC risk, while we did not find CHT use to be related to IDC risk overall, it was positively related to risk of IDC tumors that were early stage, small, and node negative. Consequently, in studies that are not population based and/or in which screening is more common than in the general population, and consequently include a disproportionate number of early stage breast cancer, the observed positive association between CHT use and IDC risk may in part be influenced by surveillance bias. Other sources of variation also likely relate to the relatively smaller sample sizes of many or most of these studies as 13 of the 16 included less than 500 ILC cases, and 7 included less than 300. Thus, few had the ability to evaluate the impact of duration of use on these risks or to stratify results according to tumor characteristics. One manner in which this study expands our knowledge of these relationships is through greater characterization of thresholds of duration of use, which are associated with risk. Specifically, we observed that recent CHT use for as short as 3 years confers a threefold increased risk of ILC, while shorter term use was not related to risk. Recent EHT use confers an 80 % increased risk of ILC, but this increase is observed only after nine or more years of use. Only a handful of studies have characterized the relationship between different durations of current use and ILC and IDC risk. Two of the cohort studies evaluated duration among current users using categories spanning 5-year increments [3, 15] . Both studies found that current CHT use for less than 5 years was associated with elevations in p \ 0.05 a All models are adjusted for age, reference year, county of residence, and hysterectomy/bilateral oophorectomy status risk of both ILC and IDC, and the magnitudes of these risk estimates were higher for ILC (2.5 and 1.9) than for IDC (1.7 and 1.5). They did not evaluate shorter intervals of use as we did here to determine if shorter term use is also associated with risk. Evaluating this component is important because current clinical practice recommends that women who do decide to use menopausal hormone therapy use it for the shortest duration possible. However, the length of what a relatively safe short-term duration of use remains unclear. The data presented here suggest that durations of CHT and EHT use do not appear to impact risk of IDC, but that use of CHT for at least 3 years and use of EHT for at least 9 years may be thresholds past which ILC risk is elevated.
Consistent with prior studies, a higher proportion of our ILC cases compared to our IDC cases was ER? (94 vs. 82 %). Given that the impact of menopausal hormone therapy on breast cancer risk is largely hormonally mediated, varying distributions of ER positivity between ILC and IDC cases could potentially account for some of the differences observed. Further supporting etiologic distinctions between ILC and IDC are the results from our analyses restricted to ER? cases, which also indicate that while current EHT use and current CHT use are associated with risk of ER? lobular cancer, neither is associated with ER? ductal breast cancer risk (with the exception of current users of continuous CHT for C10 years).
Results from analyses stratified by tumor stage, size, and nodal status further reveal that elevations in risk of IDC associated with CHT use (but not EHT use) were noted only for tumors that were early stage, small, and node negative. In contrast, CHT was positively associated with risk of ILC regardless of tumor stage, size, and nodal status. These results are strikingly similar to the only other study to conduct a similar analysis, a large populationbased case-control study in Germany [24] . In this study, CHT use was only associated with risk of ER? and/or PR? IDCs that were\2.0 cm or node negative, while CHT use was associated with elevated risks of ER? and/or PR? ILC regardless of tumor size and nodal status. These observations suggest that the association between CHT use and IDC may be primarily explained by more frequent access to medical care and consequently to more frequent access to breast cancer screening. Such surveillance bias though appears to be entirely absent with respect to the CHT and ILC relationship.
Potential limitations of this study relate to its casecontrol design in that recall bias is a potential concern. However, the differences seen according to breast cancer subtype are very unlikely to be affected by recall bias since this would require one assuming that ductal breast cancer patients recalled exposures differently than did lobular cancer patients. Also, two factors enhance the generalizability of this study, one is its population-based design and the second is its high overall response rates from both cases and controls. Other major strengths of this study are its detailed collection of episodes of menopausal hormone therapy use, substantial sample size, and centralized review of pathology reports to categorize the histology of breast cancer cases.
Despite the dramatic decline in use of menopausal hormone therapy regimens following the publication of the WHI randomized trials demonstrating that the harms of these regimens outweigh their benefits, among women 40-80 years of age in the United States *8 % are CHT users and another *9 % are EHT users [20] , and in 2010, an estimated 38 million hormone therapy prescriptions were filled in the United States based on data from the IMS National Prescription Audit Plus TM (http://www. menopause.org/hormonetherapystats.aspx). Efforts to further clarify the breast cancer related harms of these medications thus remain clinically important, particularly with respect to defining what types of hormones and durations of use may be safer than others. It is clear based on both the WHI trial data and the large body of observational study data that CHT is more strongly related to risk of breast cancer than is EHT. The data presented here are also consistent with the large majority of studies evaluating risk according to histologic subtype in finding that CHT and EHT use are more strongly related to risk of ILC than to risk of IDC. Our results add to this literature by suggesting that with respect to ILC, current use of CHT for as short as 3 years confers an approximately threefold increase in risk, while only current EHT use for 9 years or longer is related to ILC risk. At present, our understanding of the biological mechanisms underlying the strong relationship between CHT use and ILC remains quite limited. Further mechanistic studies are warranted as they could lead to the identification of novel pathways and targets through which this form of breast cancer could be prevented.
